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a 2-lc forward tilt with the horizon bar level, this initial tilt will combine
with the erection tilt errors of Fig. III. 45 and neutralise them at all
stages of the turn.

Comparison of pneumatic and electric operation

Although air-operated instruments have the advantage of relatively
simple construction, they also have drawbacks compared with electric
drive, especially in the case of artificial horizons.

To spin the rotor on air-driven instruments, ah* has to traverse bear-
ings in order to pass from the external atmosphere to the rotor jets.
The atmosphere carries a certain amount of moisture at all times and it
is extremely difficult to protect the gimbal pivots in particular from the
effects of damp air passing close to the bearing surfaces, which are very
susceptible to corrosion.

The most serious disability of pneumatic drive is for high altitude
operation. Owing to the decrease of air density with increase in altitude,
the working of vacuum pumps becomes less efficient until any surplus
capacity is absorbed, at which time the pump is working at full delivery
to maintain the necessary depression at the instrument case. Any
further increase in height causes a progressive falling-off in vacuum
which the vacuum regulator valve is unable to check. Unless special
vacuum systems are installed, involving the extra weight and bulk of
abnormally large pumps, vacuum operation at present is not very satis-
factory for instrument operation above about 25,000 feet.

This last trouble will be neutralised by the introduction of pressure
cabins in aircraft. In this system compressors maintain the interior of
the sealed cabin above the pressure of the outside air at high altitude,
for the benefit of passengers and crew. The air in the cabin might be
stabilised at the equivalent atmospheric pressure at 10,000 ft. for example,
no matter at what altitude the aircraft flew above that level. A pressure
gradient is thus created between the air at the instrument filters and the
vacuum pump, to assist the latter, so that the compressors tend to replace
the function of the vacuum pump.

Closed air systems, in which the air is circulated in a closed path
from pump to instrument and back, largely overcome both the foregoing
difficulties, and may also come into favour.

In electric instruments, the case can be virtually sealed from the external
atmosphere, which greatly reduces the chance of rust attacking bearings.
Electric operation is also unaffected by low air density at high altitude.

Another advantage of electric operation is the increased efficiency of
rotors that can be achieved with induction drive. Electric gyros are
almost universally driven by alternating current, more usually by three-
phase supply. In A.C. gyros, the rotor is, in effect, a squirrel-cage
induction motor, with the windings carried on a stationary armature,
and the rotor a cylindrical shell surrounding it. A rotating magnetic
field is set up by the armature windings and the induced currents in the
rotor cause it to be dragged round at nearly the same speed as the rotating
field. The gyroscopic momentum of a cylindrical rotor is proportional
to its speed and the fourth power of the diameter. High speed is easily
attained by electric drive and the external cylindrical rotor is of maximum
efficiency from the point of view of the ratio of moment of momentum
to weight.